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NOTATION

The notation used in this report conforms with that of Reference 1, and the inch-pound-
second system of units is retained. The only modifications introduced are subscripts or
superscripts required to distinguish between the cradle (Body 1 or I) and the assembly
(Body 2 or II), The two sets of axes used are parallel to each other but are otherwise
arbitrary and need not be principal axes of inertia. Illustrative samples are given here.

Fl1 Force in the z~direction exerted on Body I by the upper set of mountings
due to a general displacement of Body I with Body II held fixed

Fpu Force in the y-direotion exerted on Body II due to & general displacement
of Body I with Body II held fixed

Flu Foroe in the a-direction exerted on Body I due to a general displacoment
of Body II with Body I held fixed

1] Mass moment of inertia of the oradle (Body I) with respect to 0, 2,

Ly Mass peaduot of inertia of the assembly (Body II) with respect to
0,2,8nd 0,9,

R, Spring constant of the entita lower set of mountings relating a displacement
of the cradle in tho ydirection with the restoring force in the sdireoticn,
and cooversely

K“g Spring conatant of the eatire upper et of mountings giving oither the

vestoeing foree acting on the sssoubly in the sdireotion due o unit
ratation of the assombly about 0,2, or the reatoring torquo about 0, y,
due to a unit displacemant of tho assombly ia the s-ditectica, the vradle
boing held fixed in either case

Kl Spring constant of the ontite upper st of mountings ralating & displacement
of the cradle in the adjrection with the restoring force acting on the cradle
io the y-direction, the assambly boing held fixed.

Ky Kb 3
M)t Moment oxertod on Body 1t with respoot to 0,2, duo to a gonoral displacoment

of Body 1 with Body 1 held fixed

yjLu Moment exertod on Body 1l with respect to 0, y, duo o a gonoeal displacemont
of Body Il with Body ! held fixed

it Momont oxotted on Body 1 with respoect to 0, 3, duo to a gencral displacoment
of Body If with Body 1 hold fixed

-i;
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ap B y2

Mass of the cradle (Body 1)
Mass of the assembly (Body 2)

Small displacements of the center of mass of Body I in the 2-, y-, and
z-directions, respectively

Small rotations of Body II about 0, 2,, 0, ¥,, 8nd 0, 2,, respectively
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ABSTRACT

The natural frequencies and normal modes of vibration of a cc npound
mounting system are determined, The system consists of an assembly
supported by a set of isolation mountings carried by a cradle which is, in
turn, supported by another set of isolation mountings attached to the hull of
a ship. The dynamical equations of motion of the system and the numerical
solution of a specific example are given.

INTRCDUCTION

The subject of isolation mounting of shipboard equipment as applied to single assem-
blies is discussed in detail in Reference 1.* There the general dynamical equations for the
system, consisting of a rigid assembly supported by a set of mountings of arbiteary crientation,
are derived, and it is pointed out that the normal modes and natural frequoncies of this sys-
tem, which has gix degrees of freedom, can he found by the use of a digital computer.

Although Reference 1 points oui the advantages of designing such systems so that planes of
vibrational symmetry exist, the general problem which was coded was subject to no restrictions
as to symmetey. This permitted the use of a set of reference axes with arbiteary orientation,
The only restriction was that tho origin of the coordinates bo located at the centor of gravity
of tho mounted assembly in its rest position,

Although compound isolation mounting systems have boen in use for some timo, they
have beeome of inoreasing intorost singe the publication of Reference 1, In the compound
syatem a cradle or rigid framo ia intorposed botween the hull and the bases of the mountings
which support the aasombly and the ceadle ia, itsolf, supported by anothor sot of mountings

- whoge bages are securod to tho hull steucturs,

Tho Buroau of Ships roquested the David Taylor Model Basin to develop methods for
caleulating the normal modes and natural froquencies of such systems. 2 Acoordingly, this
ropuet i8 concorned with the oxtongion of the analyses given in Refaronce 1 to compound
systomsa. Thoe teostmoat of the same problom by tho elecwical analogy is discussed in
Roforonco 3.

DYNAMCAL EQUATIONS
. The systom undes congidoration is shown schomatically in elevation in Figure 1. The
uppur body, whose mass is m,, compriscs tho entire agsombly. The lower body, whose mass
. is m,, comprises tho cradlo. In this schematic roprosontation two paies of coil speings aro

shown. Bach pair copresonts a comploeto sot of isolation mountings not limited in numbor,

*Refareales are Lisled oo page 12




Az,
Assembly
m ¥

Kx:(when fm, is held fixed) —»
K™ (whenm, is held fixed)

Az,

DUV

Ship Null

Figuto 1 — Schowmatic Elevation of Compound Isolation Mounting Systom

Tho lower pair of apeings roprosonts tho set botwoen the cradle and tho hull, whoreas the
uppoe paic ropeosonts the sot betwoon the orsdlo and the assembly.

In Figuee 1 the systom is assunmod to be in its rest position, under geavity, with the
mountings unlocked, For this condition a fixed (in spsco) set of rootanguler coordiaats axes
with ovigin st the contor of geavity is ostablishod for oach body, Oaly the = end s-axes
appour in Figuco 1, but oach set is actually a set of right-hund axes of the type indioated in
Figure 2. Although thore is no restriction as to tho orientation of tho axes with respect
to oither body, tho problom has boon codod on the assumption that tho two sots of axos
ae parallol.

QObviously, tho otadle is subjout to forces and momonts exerted by both sots of mounte
ings, whoveas the assombly is mffected by tho upper set only. Furthermoro, it is clear that,
if tho assombly is hold (ixed, tho cradle is subjoct to the snalysis given in Appendix 5 of
Reforonco 1 for tho one-budy systom. In this casoe, tho two sots of mountings combine into a
ginglo set sinco tho assombly then in offeut becomos part of the hull.

Excopt for obvious subacript and suporscript dosignations, tho notation in this repott
conforms with that of Rofoconco 1, and the inch-pound-gocond systom of units is rotained.
Thus the K's aro speing conatants of ontiro sets of mountings; 1} is the mass moment of

?




inettia of the cradle with respect to 0z,; I zy I'is the mass product of inertia of the assembly

with respect to 0,2, and 0,y,; and m, is the mass of the cradle.

b 2

y
\/‘r 5
. . . Nea
Figure 2 — Right-Hand Coordinate = v amnd

System Used in Analysis

As in Reference 1, &_ is the axial spring constant and &, is the radial spring constant
of an individual mounting. It should be noted at this point, however, that, whereas the coordi-
nates of the effeotive points of attachment of the individual lower mountings need be specified
only with respect to the axes 2,, y,, and 2, the coordinates of the effective points of attach-
ment of the individual upper mountings must be given with respect to z,, y,, and 2, as well as
291 Yy and 3, bocause in the analysis presented in this report two sots of K's are used for
the uppor set of mountings, each one derived by holding one of the bodies fixed.

The K%s aro the spring conatants of the ontire lower sot of mountings with reapect to
axos whoso origing are at the conter of gravity of the eradle; hence, thoy aro evaluated oxactly
a8 in tho ono-bhody problom discussod in Appondix § of Roferonce 1.

The KM are tho spring constants of the ontire uppor set of mountings evaiuuwd with
rospoot to tho same axes as tho AP, the asaembly boing considared hold fixed.

The &3 are the spring constants of tho ontire uppor set of mountings with roapoct to
axos with origins at tho contor of gravity of tho asgombly, the cradio belag considored held
fixed,

With K1V w R+ KM the combined sot of mountings is reducod to ono sot sinoco, if the
assombly is hold fixed, tho cradlo thon comprises a systom of tho typoe trouted in Refotonce 1,

The rosteictions noted on page 98 of Refeconce 1 with cogard to torques doveloped in
the mountings thomselvos aro rotained, but it is noted here that, if mountings are to be used
which do not have polar symmotey but whose peincipal olastic axes have boen looatod, they
may bo troatod a3 theoo 3oparato mountings, each having vnly &, (that is &, « 0), In this caso
there must bo spocifiod the direotion anglos which oach of tho olastic axes makes with tho
coordinato axes choson, as woll as the throo soparate values of &, for each wounting.

Likowiso, as proviously, tho analysis is valid only for small motions about the
oquilibeium position and within tho linoar range of tho olastic propotties of the mountings,

[t is implicd that tho momonts and peoducts of inortia of tho bodies rolative to the fixed axos
do not chaago significantly within the rango of vibration amplitudos coasidoced.




Within the range of small motions assumed, the elastic forces and moments resulting
from a general displacement of both bodies will be the sum of the forces and moments arising
from any linear combination of displacements that yields the same resultant displacements.
A convenient combination of displacements is: first, a displacement of the cradle to its
final position with the assembly held fixed; and, second, a displacement of the assembly to
its final position with the cradle held fixed in its equilibrium position. For each of these,
the forces and moments acting on the body that has been displaced are readily evaluated once
the sot of elastic constants of the entire set of mountings is evaluated for the assumed
condition.

Specifically, when the cradle is held fixed, the forces and moments acting on the
assembly can be derived by the equations given in Reference 1 provided the K''s for the
upper set of mountings are evaluated according to the given formulas with respect to axes
whose origins are at the center of gravity of the assembly. Similarly, when the assembly is
held fixed, the forces and moments acting on the cradle are given by the equations in
Reference 1 provided the AT's and §1's are evaluated according to the formu. s given in
Reference 1. Obviously, in this case the upper and lower sots of mountings may be regarded
as a single set K1V = j14 g,

The dynamical equations require the evaluation of the forces in the z-, y-, and a-
directions and of the moments about 0z, Oy, and 03 for each body when tho aystem is
ogeillating in any noemal mode. Since the two sels of axes are parallel, the force components
which the uppor et of mountings exerts on tho cradle are oqual and opposite to those which
it axorts on tho assombly, However, sinco tho axes have separste origins, tho moments
exortod by tho uppee sot of mouuts on tho cradle will not bo equal ead opposite to the
momonls on the asgsembly.

 Honoo, befoto the dynamica! oguations for tho compound systom can be weitren, it is
nocossary to ostablish the equations for the transfor of momonts oxected by the sppar yul of
mountings from one body to the other.
. Lot a moment oxatted on Body Il (with respect Lo axes 2., vy, 24) dee to motion of
Body [ with Body If held fixed be designated ¥, and the moment on Body If with reapoat
to tho samo axes due to the motion of Body Il with Body I hold tixed bo designated Wil3,

_ Likewigo, lot the moment on Rody [ (with regpoet to 2,, y,, 2,) due to the metion of
Body It with Body I hold fixed by #%1 and tho momeat on Body [ duo to the motion of
Body 1 with Body 11 hold fixed by a1,
Lot tho foreos bo similaely desigastod, but rocall that
Fll, . pLu

and

' FILT | ptntt

Ia dociving tho momont volations it must be rocalled that the squal and oppaosito foccos
oxoctod by any mounting aro considerod to act at the offoctive poiat of attachment of that




mounting. It should be noted that such points do not appear in Figure 1, which is only
schematic. The latter point, which is Ci-cussed in detail in Reference 1, is common to both
bodies when the part of the mounting attached to either body is regarded as integral with that
body. Hence, the forces which any mounting of the upper set exerts on the two bodies are not
only equal and opposite in direction but act through the same point if small vibratory displace-
ments are neglected. Torques deve.cped within the mountings themselves are neglected here,
Then, if the superscript I is used to denote the coordinates of the origin 0, with respect to
axes Z,, ¥,, 2, and the superscript II is used to denote the coordinates of the origin 0, with
respect to axes z,, ¥,, 7,, the following equations for transfer of moments applied by the
upper set of mountings result.

M:ll.l = _(‘uxll.ll + lel.ll y!l - Fyu.u 311)
M’ll,l = _(M’u.u + pxu.u all - p‘ll.ll zll)
Ol L 13 ]

TR N Fy" Ml L p I

MW e (U MR BEL L R LT

uyl.u - _.(Myl.l + Fx"x al - Fgl.lxl)

RPN TR Fr“ Lop Ll
All forces appearing in these equations are oxerted only by tho uppor sol of mountings and are
the resultant for that eatire sot.

Let it be assumod that 0, falls on 0, Then, since all the forces on the two bodies ara
equal and opposite and all the lever aems aro in Lthis caso idontical, the net moments will algo
bo oqual and opposite; that is, MMHT o o yILiL The additional torms on the right sido of the
oquations arise whon 0, is shifted to the position 2!, Y, 2 and it is noted that '

1 ] '

ol gluy! glandl

Thaeo will bo twolve dynamical equations cach obtained by equating the time rate of
change of linoar oe angular momontum of one of the bodies to the rosultant forco or moment
acting on that body. The catos of change of momentum whon expeossed in algobraie form aro
identical with those used for the one-body problont in Referonve 1 such as ~ muw? and '
(Heao? v 1, 8o + 1, yu?) sppoaring in the vquatioas at the top of page 104 of
Rofetenco 1.

The foreo und moment experessions for the eompound ot two-body problom can be
weitten down al once whon it is romembered that each force or momont is the resuitant of the
forco or moment developed first by holding Body 1l fixed and moviag Body 1 to its final
position and then by holding Body ! fixed and moving Body H to its final position.

Tho rules for ranaforeing forces and momonts from ono boedy to the other have been given,

As an illusteation, the equation for Lime cate of chango of roctilinear momontum of
Body 1 in tho 2diroction is:

[+]




(Kui + Ku:ln) ul + (Kuv} + Kultl:l) Y
+ (K, + k1Y wy + (K, &+ l'(“‘},‘)m1
my g == [+ (K, d+ KB By + (Kud+ KD 9
- Knxz} %q 'Kulz} Y2 ‘Kung ‘Kultllaz
_- Kng Bz"‘ﬂ‘-} Y2

The equations for time rate of change of angular momentum contain move terms than
those for rectilinear momentum but are obtained by the san.e general procedure. Thus
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When the teems with- socond dotivatives in time are convartad to algobesiv form and all terms
are transfoteod to tho loft-hand sido of the equations, the éampleto sot of twolve dynamical
oquations yislds tho frequoncy dotarminant shown on pege 7.

The 12 by 12 maw.x is symmetrical with reepoct to tho main diagonal, which implies
thst the K13 can be expressed in torms of the X1 end vice vorse,

The digital solution of the problem follows tho schomo usod for tho ono-budy problom
aud discussed in Roforonco 1. ’




12 x 12 Matrix

Y

%

€y

1

N TR o K% iy w
NRE KLY -y o K Kl X
¢y LM LM K - . o kda K“’lﬂv
o | g K it Ky 5
o | a T v e Ny
L K X el et K9y
o |- - e -2y - k3
[ -a - - ki &1 - 54
. |-e -k - -l -5
G| M AAM R | MR | e | el | e
Hy | R R Ak | KTkt | KD o AE Ak | ketes okl | x
| RHA-RN O | AR | ARkl | eleteatetet | s




1 B, " u, v,
K“!l‘;? ;{5‘7/ _Km}x _Km}l _K“l,l
KJ§ K33 -k 0 ~ky)! =Ky
Ko Ky R -k, -k B
[xl “2 Kal,f}l + Ix; w? K:‘),’ * lxxx w? I\'uxz gl - Ku}}r y“ = Knl& Kvlvl 2l - Kvg yll - Kvl; Kuﬁ at!
I w2 Kelg -1} 2 Kﬁ’;' sl w? KMkl otk Y KMokl gy KU 0
g o? Ky +1,1 oF Kyy =li 0? e T 2 R AR LR R
’ - 1lg -1y Kl my 7 X Kl
- 1{,}2 - KW kU KM -my 02 A
" Kop - Koy Kl KU Kull =
Lt RN IS IS R ARY . N R R Ry S S [ Kula
* R A PR U I S R Gy R K8 L
-Klaol-Kgy | KB VI-kPe-kf 1wy -.'\‘9# LAY 4 T L K3

A}

c,707/'3




”2 w, “2 Bg Lo
-k 1 ~K B -k & -k g -k B
e -K! -5 “Kof! -k
"Kuu}‘ ~Kwu}l _ng _K"'fix -K"’?

-

1 t
Kv‘u att - Kv}o

- K»‘:l

s 11 1t
KV\‘I} att - Aun!u yo- lezl

3 1l
el #- e i Kl

Kol o=kl -kl

11 LIt it
f(u; ? —K." y -

1 L : Lt
Kuw & - Auv

tox 4

> 11 1l ;1
kww EH—KHH al'hwé

KW‘@‘I 2 - Kb‘é st Kag

Kufl - K - kgl

xwl; i~ k'.l)l’ PLLIN

RJ: yll - '\‘J‘l, P A‘J# k.ug yli - K\eg 2t Nwl; ["‘lal ’“ - x'lé pr g N(‘lg‘ H‘H yl!- ["“H F2LLIN RBI; K‘X; yll - Kv‘; 2o
K\ Kol NG K8 kS

K- ul Ku Ko N KNy

Kol o -y o? Ko Ko Rl

h‘v’e‘t Rw‘e‘n Kcﬁv" ‘:‘ o h‘ug * ‘a‘y‘ ! ] Hm'; * l.“‘ ol

kY Kulf Kol . thal LPY: R Ry u? Ly AR 9’

S K Kol L o Kgp o byl ol Kyy~ 1! o

. oartnm

343




SAMPLE CALCULATION

Although the compound mounting problem chosen for solution resulted from a specific
shipboard installation, it is unnecessary to discuss the equipment involved here. It is
sufficient to state that the system was such that, at least within the range of vibration
frequencies to be dealt with, both the assembly and the supporting cradle could be considered
as rigid bodies. These are designated as Bodies I and II, in accordance with Figure 1.

It is assumed that the static problem has been previously solved, which means that the
position of the center of gravity and the orientation of each body with respect to the hull is
known. Then axes 2, y,, 2, and @,, ¥,, 2, are established with origins at the centers of
gravity and known orientation with respect to the hull.

The masses and moments of inertia of the bodies were:,

m, = 5.10 lb-sec?/in.
I.! =307 lb-sec? in.
I} = 10,080 lb-sec? in.
I,' =10,080 lb.sec? in.
m, = 6.51 lb-sec?/in,
1Y = 1768 lb-sec? in,
1,1 = 3150 lb-sec? in.
1,1 = 4300 lb-seo? ip,

The produots of inertia for both bodies aro zero; i.0,,

I wl tal  lu0

xy s

and
Ix;l - Is:“ - 1)‘;‘ «0

The lower 3ot of mountings consisted of four idontiosl mountings with axial spring
constants &, « 3370 lb/in. and radial spring constants &, » 2000 1b/in. The coordinates of
the offective points of attachment of theso mountings with rospoct to 2y, y,, 8,, used to
ovaluato tho K¥'s, wero:

Younting 2 y 3
| 4.5 <05 | -1.38
2 51 15} -133
3 ~@Q5) 15]-L3
4 -4451 15§ -15




The orientation of the axes of all four mountings was:

cos ¢, =0
cos ¢y =0
cos ¢, =1

The upper set of mountings consisted of four identical mountings with axial spring
constants &, = 2480 lb/in, and radial spring constants K, = 1195 lb/in. The coordinates
of the effective points of attachment of these mountings with respect tq 2,, ¥, 3,, used to
evaluate the X1¥'s, were:

iounting ] y 2

1 4.5 | ~1.5 1.28
2 4.5 1.5 1.28
3 ~44.5 1.5 1.28
4 -44.5 | =15 1,28

The coordinates of the effective points of attachment of the upper set of mountings with
£e8peot 10 @, ¥,y 25, used to evaluate the K'W's, were:

Wountinyg o y a

1 33.44 | =75 | -20.28
2 344 | 75 | -20.28
3 ~55.5 | 7.5 | ~20.28
4 ~55.56 | ~1.5 | -20.28 |

The oriontation of the axes of all four mountings was:

o8 ¢, =0
0038 ¢,=o
- 008 ¢'8'1

Table 1 shows the printed output of the digital computor for this system, Here U, V,
and W ropresent u, v, and w; and 4, B, and G roprosent @, 8, and ¥. The table gives the
normal-mode pattern cotrosponding to each of the twelve natural froquencies of the compound
systom. Only the relative magnitudes of the valuog given are aignificant, but it is to be
noted that, sinco the input deta wero given in inch-pound-second units, the values of
4, B, and @ will bo in cadians only when the values of u, v, and 1 are expressed in inches,

In Table 1 all displacenionts are exprossed ws numbers botween 1 and 10 followed by
an oxponent expessed in powors of 10, When the system has planes of vibeational symmotry
_which coincido with certain planes of the coordinate systom chosen, as in this example, the'
vormal modes will not actually invol' & all 12 coordinates. However, the coordinates that
~ aro theorotically zoro appoar in the cutput data as vory small numbors (with expononts {rom
- 1076 to 10~ 10), ' ' ' '




TABLE 1

Output Data Sheet from Digital Computer for
Compound Isolation Mounting System

On this UNIVAC Data Sheet
UL U2, VL, V2, WL, W2 = Uqs Ugr Uy Vg Wy, Wy

Al, 42, B, B2, 61, 62 = ay,a,, B,,58,, ¥y ¥,
NATURAL FREQUENCY = 1¢0832E 00

106%343E=01 Wl = =192176E-09 Al = =1370318=02
140000€ 00 W2 3 606157€=05 A2 ¥ =341806E~02

® «4956ATE=09
® w244643E=08

=196980E~10
«T46649E=10

240545E~04
543998E~04

240422E=08
1470G4E=08

=106509E=08
wle7873E=08

1+0902E-01
1025696=01

348188E=01
1100008 00

140000E 00
=3431798=02

=140000€ 00

4023826201

*323990E~07

103630807 .

=T 9074C=00 |
e lASEE=0R

209601E=02
whel304E=0)

- YL 8 «TeS00TE=08
Y. o.oalo&-ol

»-;:f Ul » S3.0a78E=DY
- U3 e« 32210E=0}
- DUNP CONVERSION smmo

=1s000CE 00
«149301€=01

1¢0000€ 00
4e9157E=0)

3041683E=08
346876E=06

1¢Q803E=07
200971E=07

348192E-09
=490603E=10

«Te2431E-08
JehT06E=QR

1400008 0O
A24898E=01

‘1+0000E N0
“badT$AE=0)

99 7010£=00
«808460E=00

«7472208~01

«§08023€~0) .

V! 42573610
1e8003E=09

NATURAL FREQUENCY

Wl = «149039E-08
W2 W =242791E6=08

NATURAL FREQUENCY

Wl = 3,35%0E-08
W2 = 5¢5238E~00

NATURAL FREQUENCY

W) ® Gy TTI5E=0)
W2 = 140000F 00

NATURAL FREQUENCY

Ml m =2,2770E«02
M2 w =142328840)

NATURAL FREQUENCY
W] » =3,6009€=01
W2 @ =944692E-02
NATURAL FREQUENCY

Wl s =1,449372€-0)
M2 » 1e0123E-02

NATURAL FREQUENRCY

Wl o =ledAbE=07
W2 v 240388E-08

NATURAL FREQUENCY

Wi o» wle2081E-07
W2 ® Je3608E=0B

NATURAL FREQUERLY

¥l o« 1,0000% Q0
¥ w «30LT9E«0)

RATURAL FREQUENCY

Wl e 248099E-07
M2 » =1a378E=07

NATURAL FREQUENCY

Ml w  1e0000F QO Al
M2 8 =3,7324E~00 A

10

4e9313E 00

® 342187E-02
4 =327323E-02

404979E 00

a «243312E-02
s 7598920802

492694E 00

" =1313%99E~07
" 2026808~ "

249095E 00

w ~24Q789E09
® 32T1E=09

T+0999E 00
n =24 8022E~10
a 19abT2E~09
a8109¢ 09

® 1e2999€-09
& L D630E=09

P62413E 00

= 949297E+0)
* 3e8708E=02

160329€ 01

o 20007E=02
» =3y TTI3E=02

1¢1988E O}

o =438T926-09
& 1e92408«09

14304 T¢ 0)

» =130000E 00
» =1eH093€E=02

1aST9SE 0}

= $313642E=10
s BeAdN3E~10

=348431E~)0
=120429E€=09

f21206E<12
T46875E~10

~1¢9859E~03
=495394E=03

348300809
$e00098=02

=24439%E~02
=345899€202

=1 ebT18E~QR
«1420%1E=02

s ~0e0T05E=00

=940163E=09

400627809
303431809

=To1286E«03
2030326803

«1000%1E=08
=1e3108€=08

Ge99118uq2
=1e9290E=01

2¢8907E=02
be8350E=02

148002E8~02
249%48E=02

130802807
242085E=07

491031E-09
4e9884E=09

1e3251E~09
292198809

=]143094E=09
$323%E=09

=1 e9930E=02
1044138=02

=2489305-02
o800 1E-02

203040E09
806136E~09

=310803€-01
204303E-02

Qelort=10
100862€~09




Table 2 gives the essential information contained in Table 1 with the small quantities
deleted and the exponents replaced by the appropriate shift in the decimal points,

TABLE 2

Normal Mode Patterns in Condensed Form for Sample
Compound Isolation Mounting System

The first number applies to the cradle and the second to the
assembly; the calculation was made in inch-pound-second units.

Natural
Frequency
cps

1.05

-—

-

-0,0170
-0.0318

0.00021
0.00054

291

~0.0228
-0.1233

0.00389
0.00664

4.21

0.478
1,000

-

-

-0.00199
0.00454

4.50

-

-0.6233
00759

4.93

-

0.0322

110

1.0000
""0!0552

-0.368
0,085

8.8t

«1,000

0

«0.1496
0.0161

9.26

0.00993
0.03579

«0,0200
0.0166

10.33

e

00206
0,0378

-0,0269
0.0454

11.59

0.0296
~0.0082

0.00713
0,00238

-

13,05

-

~1.0000
~0.0197

-0.00568
0.02434

15.80

.

0.0699
“'001929

-




DISCUSSION AND CONCLUSIONS

This report is concerned chiefly with the mathematical solution of a basic problem in
vibration. It need hardly be emphasized here that it is possible to obtain such solutions only
by idealizing the actual shipboard installation. Only if the assembly and the cradle are
sufficiently rigid in relation to the flexibility of the mountings to be installed in the ship,
will the analysis givenin this report be meaningful. It is distinctly in the interest of the
designer to ensure that this condition is fulfilled, for he will then have assurance that the
desired degree of isolation from hull vibration will be realized. An important extension of
the problem not explored in this report is the case in which the hull structure which supports
the mountings carrying the cradle cannot be assumed rigid.

Although in the majority of cases planes of symmetry will exist as in the example
presented here, the equations discussed and the coding for digital solution are in the most
general form and peemit any orientation of the assumed axes (provided the two pairs remain
‘parallel) and any degree of asymmetry either of the cradle or of the assembly.

The treatment of this problem by means of an electrical analog is disoussed in
Reference 2.
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